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We, William Baurs and Edward 
Bakrs, both of 6/ South Square, Gray's 
Inn, London, W.0. 1, both British sub- 
jects, do hereby declare the nature of this 
5 invention to be as follows : — 

This invention relates to the treatment 
' of waste liquors of paper manufacture for 
the recovery of caustic alkali therein. It 
is customary, for example, in the manu- 
10 facture of paper from Esparto grass, to 
Iboil the grass for some time in caustic 
Boda solution, and after the boiling opera- 
tion has been completed, to withdraw the 
alkaline digestion liquor (black liquor), 
15 concentrate this liquorbjr evaporation to 
a syrupy consistency, incinerate the con- 
centrate to soda ash, and, finally, dissolve 
the ash in water and caustieise the solu- 
tion by treatment with lime in the 
20 presence of steam. 

These operations as hitherto carried out 
have been uneconomic and, to a certain 
„' extent, inefficient in character j and it is 
the object of the present invention to pjro^ 
25 vide a process of alkali recovery of im- 
proved economy and efficiency. 

Hitherto it has been the practice to 
concentrate the waste alkaline liquors in 
steanvheated evaporators supplied with 
30 superheated steam which transmits its 
heat to the liquor indirectly through the 
walls of a nest of tubes. ^ A very con^ 
siderable amount of steam is required with 
such evaporators, particularly in a case, 
35 such as the concentration of black liquor 
in the manufacture of paper from Esparto 
grass, where the degree of concentration 
to be effected is material, as in the 
instance in question where the black 
40 liquor requires to be concentrated, from 
about 5° to 55° or 609 Twaddell. , 

According to one feature of the present 
invention, the step of concentrating the 
alkaline liquors is characterised !by sub- 
45 jecting them to the direct scrubbing 
■ action of a gaseous evaporant. 
{Price 1/-] 



Thus, the hot liquor may be treated 
with waste gases, such as the high tem- 
perature waste gases from the flues of 
furnaces of other parts of the plant or 
with a current of air. 

According to a feature of the invention, 
if the available supply of hot gases is 
limited and in consequence it is impossible 
to attain the requisite degree of concentra- 
tion by the action of the gases, the con- 
centrate obtained may ibe brought, prefer- 
ably in as finely divided a form as 
possible, into direct scrubbing contact 
with a counter-current of atmospheric air. 
In this mode of operation, if the hot 
gases, after action upon the liquor to be 
concentrated, are not in a saturated state, 
they may be employed in admixture with, 
or in substitution for, the atmospheric air 
into counter-current contact with which 
the liquor concentrate is brought. 

By the aforesaid utilisation of a gas in 
the concentrating step, the necessity for 
the supply of steam as heretofore practised 
is obviated, with a consequent consider- 
able economy in working costs and plant 
outlay. 

For the more efficient concentrating 
effect the association between the gas a,nd 
the liquor should be such as to provide 
extended contact surface. ^3?or 
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example, the liquor may be allowed to 
fall "in streams, preferably as fine streams 
as possible, through an ascending current 
of the gas. Alternatively, the liquor may 
be distributed in the form of thin films 
over which a current of the gas is caused 
to pass. 

The gases- may. be employed at high 
velocity, for example, may be introduced 
under pressure or assisted in their passage 
by the application of suction. 

* The hot gases employed for concentra- 
tion may be derived wholly or in part 
from the ignition of the liquor con- 
centrate. 
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It has been a common practice in the 

•. . recovery of alkaU from waste alkaline 
liquors, particularly in the aforesaid 
manufacture of paper from Esparto grass, 
5 to effect the incineration of the liquor 
concentrate in a retort, usually of the 
rotary type. This manner of incineration 
has not foeen free from objection by reason 
of imperfect combustion of the concen- 

10 trate, and it has frequently been necessary 
to remove the ash from the retort and 
spread it out in order; to promote complete 
- combustion. This difficulty is obviated 
according to the present invention by 

15 burning the concentrate obtained as afore- 
said as a liquid fuel ik an atomising liquid 
fuel burner. * 

The concentrators may be of any con- 
venient form which permits of effective 

20 contact between the liquor and the gaB. 
The preferred form of concentrator is a 
tower provided with means for distribut- 
ing the liquor, for example, in fine 
streams, from top to bottom ; and means 

25 for introducing a counter-moving current 
of gas. For example, a tower generally 
similar to the condensing towers used at 
' electricity-generating stations for the 
condensation of steam may be employed, 

20 modified in that the tower walls are sub- 
stantially imperforate, so as to retain the 
gases in contact with the alkaline liquors 
during the travel of the former from the 
bottom of the tower to the top. 

35 It will be obvious that the size of the 
concentrators, and the volume, rate of 
flow, and the temperature oi the gases, 
are factors which may have to be deter- 
mined in any given case in relation to the 

40 volume and' temperature of the liquor 
under treatment and the desired degree of 
concentration. 

According to a further feature of the 
invention, the improved process aforesaid 

45 is further characterised in that the. con- 
centrated liquor is continuously fed to a 
burner of the type indicated, is thereby 
incinerated substantially completely to 
soda ash, and the latter is mechanically 

50 conveyed directly to the caustieising plant 
either continuously or intermittently as is 
required to maintain a continuous cycle 
of operations. 

This invention also includes a causticis- 

55 ing vessel which takes the form of single 
container subdivided 'by baffles into a 
mixing chamber, a settling chamber and 
a sludge collector, the baffles being so 
arranged that the mixing chamber is in 

60 open communication at the bottom with 
the settling chamber and the latter with 
the sludge collector. * 

One preferred form of such a caustieis- 
ing vessel consists of a cylindrical con- 
Go tainer, the base of which is in the form 



of a downwardly directed cone, having 
within it m open-ended vertically dis- 
posed cylinder to form the mixing cham- 
Iber, which cylinder extends from^ the 
upper part of the container substantially 70 
to ^ the level of the commencement of the 
said cone-shaped portion ; and a hori- 
zontal baffle disposed beneath, and spaced 
from the lower end of, said cylinder to 
provide the roof of the sludge collector, 75 
which baffle is of such shape and dis- 
position in the container as to be spaced 
at its periphery from the wall of the con- 
tainer for the purpose of providing open 
communication between the settling 80 
chamber and the sludge collector which is 
formed by the cone-shaped base of the 
container and the said baffle. 

Preferably, the caustieising vessel is 
provided in the mixing chamber with one 85 
or. more mechanical agitators for the 
purpose of facilitating and expediting 
complete reaction. 

In carrying the invention into effect in * 
one way, black liquor is withdrawn from 00 
the boiler or boilers wherein Esparto grass 
has been digested, and is introduced at 
the top of a tower of the preferred type 
aforesaid, up which is driven a current of * 
hot waste flue gases. The black liquor, 95 
when • withdrawn from the boilers and 
introduced^ into the tower, has a density 
of approximately 5° Twaddell and its 
temperature is about 212° F, The tower 
is provided with a circulating pump and 100 
associated suction and delivery connec- 
tions whereby the liquor, after once fall- 
ing through the upward current of hot 
gases, may be circulated from the bottom 
of the tower to the top thereof and 195 
allowed to fall again through the hot 
gases passing upward through the tower. 
The circulating pump may be of any 
desired capacity to suit conditions and it * 
will be appreciated that the more rapidly i±q 
the pump is operated the greater will be 
the degree of concentration taking place 
within the tower;. 

The hot flue gases fed to the tower may • 
be derived from the mill furnaces, or jjg 
partly from these and partly from the 
incinerator in which the liquor concen- 
trate is burnt, and as the flue gases would 
be at a temperature of about 350° F., and . 
the incinerator gases at about 550° F., it 120 
will be appreciated that if the flue .gases 
by themselves are not sufficient to impart 
the necessary heat for concentration of 
the liquors, the temperature of the gases 
supplied to the tower may be raised by* 125 
admixture of the flue gases with 
incinerator gases. If desired, however, 
the incinerator gases alone may be em- 
ployed. 

In certain mills, notably the smaller i30 
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mills, there may notlbe a sufficient supply 
of waste* Hue gases to effect .the requisite 
concentration of the black liquor coming 
from the boilers. "Where, this is the case, 
5 the concentrate from the hot tower muy 
be passed, by means' of a suitable pump, 
into the top of a se^nd tower, which may 
conveniently take t tM same' form t as "the 
first. The partly, concentrated iiquor, 

10 which would ' generally tie at a ' temperk- 
ture of approximately 212®*$:, wb^a,. in 
this second tdvrer^ fall through an tipwajrd 
current of atmospheric ; afr find /t^ cpu- 
centration of the liquoT would thereby be 

15 completed by surf ace evapwafip^ 

finely divided liquor^ " If ;iEe\/s^Q[^1xat 
gases leaving the top bfj t^e hoi tbxyp 
he in an unsaturated condition^ then these 
gases may 4 be admixed" with -tHe atino- 

20 spheric air supplied to the seponct tower, 
the object ^eing to render r , the 'tourer 
system of evaporation as efficient as 
possible, with the Urnited supply pi flue 
gases available. 

25 The fully concentrated liquor collecting 
at the foot of the second .tower' would be 
led away to trie incinerator. 

The degree of concentration ultimately 
effected could conveniently be such that 

30 the liquor has' a density of between 55° 
to 60° Twaddell, at which concentration 
the warm liquoT rcrould still he sufficiently 
liquid to pump to the incinerator burners. 
The incinerator burners would be of the 

35 type commonly employed for burning; the 
heavy f^iel oil, and r the burners would 
deliver their flame into the interior of a 
combustion chamber. To facilitate satis- 
factory combustion, the air supplied to 

40 the burners may be pre-heated, Aiid if 
necessary the combustion ixxky be initially 
assisted by the introduction of supplemen- 

„ tary fuel. ' . t . " ' 

The ash resulting from the combustion 

45 will collect at the bottom of the combus- 
tion chamber anp) ' therefrom, con- 
tinuously removed by a screw conveyor or 
other equivalent mechaiiisni ' ife ' the 
causticising plant. ^ . 

gn The causticising plant com'pnses a re- 
action vessel of the preferred type already 
described. The ash conveyor may be 
• arranged to deliver to an ash hopper in 
turn delivering its contents tb the mixing 
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chamber of the causticising vessel. The 55 
necessary lime for cau^ticjsingis supplied 
from another, hopper to the , mixing chanv 
ber. . , Tjie mixing; chamber is ' provided ( 
with a cental rotary a g it af or immersed 
within the water in the chamber, and the 
necessary \ste^m ^orVheatin^ the liquor ip 
delivered to the re^iop.. of 'agitifipju 

The 'solution of v caustic alkali atid the 
i'calciujn * . carbonate ' ^ hidge" passes' put of 
the mixiiig chamber over the ib&ffie- forrii- 
jing' - the rpoi ,pf . the* sludge ' collect or^ tfe 
sludg£ ultimately finding/its vf&y into the 
con$ oi f \%e container /and the caustic soda 
.foltifo^ jto^ in the; ; upp^r part 

Bubstahtiany free if 6m* clialkl • ; 
; .The,, sludge is withdrawn continuously, 
or at v stumble periods ixoni the bottom 
of the^ cone and delivered to shtdge 
washers, : These, sludge ms^ers ban be 1 of 
th.e; : saiie ' jgeneral construction as the 
c^us 1 ticisin 3 g vessel, s ^in§ divided into a 
washing pbalmber, a' settling chamber and 
a ''sludge >bHe6tdr. ^Ih or without a 
central agitator. Th6 ' washing ( is prefer- 
ably elected by rir counter-current of water 
and the Weak , wash 1 liquors^ are' led to a 
storage tank for "f eedii^jj ^he causticing 
vessel. , "* ri . h ': 

The flow 1 of wash liquoi ; ^nd l th!^ rate of 
transfer of tbe sludge, mtiyfoe'sb controlled 
relatively to the 1 rate of transfer 1 of soda 
ash to ? the ca\istiibMng vessel as to- result 
in a substantially aUtoiaatidalJy conf mu- 
cous process. < ' J 
1 According to a modification of the 
intention, the apparatus for ^carrying the 
improved, process into effect * may, as 
regards the causticising plant, comprise 
a separate dissoTuti6n vessel for dissolving 
the soda ash delivered from the inciner- 
ator and means automatically operable' by 
flow of liquid through the ^.causticdsing 
plant (e . g . by the'#ovf * of carbonate of -soda 
solution, ' Wash . liquors, - and/or' added 
water), tot delivering itx : measured 100 
quantities the soda ash tb thie ( dissolution 
vessel' and lime to the; causticising vessel. 

Dated this 18th day. of October, 1926. - 
' BOtTLT, WADE & TENNANT- 4 
111 & 112. Hatton Garden, London, , 

, E.ai, 

• * Chartered Patent Agents. 

•■ l tit? i'( " ( 6'' I ■■ f. '<,', ■>'. . . ' 
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No. 27,048, A.D. 1936, ^ \ ' 

Improvements in or relating to the Treatntetit of Waste Liquors 
of Paper Mannfaciure for the Recovery of Caustic Alkali 
therein. 

We, Wiiaiam Bares, a British subject, both of 6, South Square, Gray's Inn, 
and Edwabd Bakes, a British eubject, London, W-0. 1, do hereby declare the 105 
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: nature of this invention to be as 
follows . s 

■>. Th;a invenijipn relates to the treatment 
:.- of waste liqubrs of piper manufacture for 
5 , th^ recovery of caustic alkali therein, and 
•j ; is cognate , to the invention , forming the 
subj eet-matt er of our concurrent Patent 
.Application No. 26,015 oi 1926. That 
invention .comprised an improved process 
10 for the recovery pf the alkali content of 
•ju, .alkaline liquors of tbisr type, namely, the 
waste alkaline liquor discharged from the 
grass boilers, of paper mills, r According 
to said invention the liquor containing the 
£j} alkali to be recovered was first concen- 
./ trated by the direct scrubbing action of 
- a gaseous evaporant, preferably hot waste 
flue gases derived from the furnaces of 
other parts of the plant, after which the 
20 concentrate was further treated for the 
-v i recovery of its alkali content. , 

According to the present invention, a 
process for the recovery of the alkali con- 
tent ^of the hot alkaline liquors containing 
25 organic matter is characterised in that the 
■ hot liquor is first cooled and thereafter 
concentrated by the .direct scrubbing 
action of a gaseous evaporant. 
As will be appreciated, the novelty of 
30 the present invention, in its broadest 
* aspect, as .compared with the invention of 
our said previous application, lies in the 
pre-cooling of the hot liquor before the 
step of subjecting the liquor to coneentra- 
, 35 ttion. By so operating a maximum of heat 
economy can be realised, and the present 
invention is primarily intended to meet 
.the ease where, to carry into practice the 
invention of the concurrent application, 
40 it would be desirable or necessary, e.g. by 
. reason of the limited nature of the 
quantity of hot waste flue gases economi- 
cally available in the mill for concentrat- 
ing, to be able to utilise the whole or 
45 substantially the whole, of the super- 
atmospheric heat of the waste flue gases 
available in the factory for concentrating 
the liquors. 

According to a particular feature of the 
50 invention, the cooling of the hot^ liquor 
is effected in such manner as to involve 
partial pre-concentration of the liquor. 

According to a further feature of the 
invention, the liquor is subjected, e.g. by 
55 circulation, alternately to , (a) Cooling, 
with or without partial pre-concentration, 
and (b) Concentration by the direct scrub- 
bing action of a gaseous evaporant, 'the 
alternation of cooling and concentration 
60 being continued nntSl the required degree 
of concentration of the liquor has been 
attained. " Advantageously, if the cooling 
step is to be accompanied by partial pre- 
concentration of the liquor, said step may 
65 be elected by passing the hot liquor, pre- 



ferably in as finely divided a form as 
possible, through a counter-current of 
atmospheric air. 

As In the case of the invention of our 
said concurrent application, the concen- 70 
tratidn step may be effected by the direct 
scrubbing action of hot waste flue gases 
either alone or in admixture with air. 
T 0r, alternatively, the gaseous evaporant - 
employei niay be not g^ses derived wholly 75 
or in part from' the preceding step of 
incineration of the concentrate. 
/ ' It was a feature of the invention of our 
said concurrent , patent application, that 
the concentration of thd liquor could, with go 
advantage, be effected in a tower gener- 
ally similar to the condensing towers used 
in eleptricity-^eneratlng stations for the 
condensation of the steam used thereat, 
said towers being somewhat modified for 85 
the purposes of the invention in^ that the 
tower walls would be substantially im- 
perforate. The same or a similar form of 
apparatus may be employed according to 
the present invention in the effecting of 90 
the cooling and pre-concentrating step 
characterising the invention. 

According to a further feature of the 
invention, therefore, the latter includes 
apparatus for carrying the improved pro- 95 
cess into effect, which apparatus comprises 
two towers of the aforesaid general type, 
means to supply a hot gaseous evaporant 
(e.g. hot waste furnace gases) to the foot 
of one of said towers and cold gases (e.g. J00 
atmospheric air) to the foot of the other 
tower, means to introduce hot liquor into 
the head of the tower supplied with cold 
gases, and means to transfer the cooled 
and partially nre-concentrated liquor from jqo 
the foot of this tower to the head of the 
other tower, with or without means to 
effect continual circulation of the liquor 
undergoing concentration, from the foot 
of one tower to the head of the other and \{q 
back again from the foot of said other to 
the head of the first and so on, so that 
the liquor is alternately subjected to cool- 
ing and concentration (in the tower sup- 
plied with cold gases) and heating and j^g 
concentration (in the tower supplied with 
hot gases). 

The concentration of the liquor, accord- 
ing to the present invention, may be, and 
preferably is, effected in a continuous V20 
manner. Thus, with two towel's and 
associated gas supply and liquor-circulat- 
ing means as above described, the dimen- 
sions and the proportions of tW two 
towers, and the capacity of the liquor- 125 
circulating pumps, may be so related 1u 
the rate of inflow of liquor to be treated 
and, to the available .supply of waste hot 
flue gases as to enable the plaui to operate 
as a contiguous process, the liquor to be 130 
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concentrated flowing into the apparatxis at corresponding' to 45° TwaddelL The 

a continuous rate and simultaneously the liquor is led from the trough of the cold 

concentrate flowing out of the apparatus , tower, where the said penultimate density 

also at a continuous rate, obtains/ and where, moreover, the tem- 

5 ^ According- to a further feature of the perature of the concentrate is eompara- 70 

invention, the liquor may he subjected to tively low/ say, about G0° or 80° IV, to 

concentration, as aforesaid, to a degree of the head of a third tower; the construe- 

concentration short of that^ ultimately tion of which is generally similar to that 

required, and the concentration may :be of the other towers. The liquor descends 

jfl completed py rpassin^ the partial con- this third towev against an upward 75 

centrate (preferably in a third tower of current of hot waste flue gases/ and is 

suitably smaller proportions) through a collected in a fully' concentrated and 

counter-current of hot gas, preferably, as heated condition in the" trough bel$w. 
before, hot waste flue gases. t / ' \ , By suitable regulation of the plant, the 

In order to illustrate the invention, it process may be niade continuous. Thus, gQ 

will be now exemplified with -reference to left example, about 4000 gallons of hot 

its application to the op^ratipns of' Iiquo^ per hour rndy be led continuously 

recovering the soda content of black liqudx into ' the trough at the foot of - the hot - 

of Esparto grass paper inahtif a'c^re/ ; " tower, This hot liquor would meet with 

20 The hot blaclc llquox is ^ passed pom the j 'hot ^a^ft 1 partially concentrated liquor 35 

grass boilers direct tp a tower of the type descending ? 'within said hot tower. The 

hereinbefore referred to. 1 ' This tower has resulting mixture* would be pumped, at a 

imperforate walls, is open ,ftt the top, has .rate of approximately 15,000 gallons per 
an inlet for hoVflue gases near ^ approxi- 

25 and is superimposed at tne ibasej upon a mately 212° F,j to the head of tiie cold go 

trough adapted to receive the liquor tower. 1 wherein, it f would descend to the 

descending from the fop ' of the tower/ tiough be^eaW and, .in* descending, be 

The hot liquor is led,/not to the tqp of, concentrated 'iihd also' cooled to iaboxit G0° 

the tower but to the said trough at the SV After reaching- the 'trough beneath 

oq foot, The liquor is pumped frpm this the cold tqT^erlhediq^63f would be siren-' 95 

trough to the head ,of a second tower, {the lated back again, at ' the; same rate as 

construction of which is generally similar before; viz., 15^000 gallons per hour, to 

to that of the first tower. The liquor the head o| the hot toiler; Circulation 

' descends the second tower in finely divided *>f the Kquor from tower *o tower would 

35 form through an upward current qf atmo- proceed continuously in this manner^ and 100 

spheric air and collects, in a cool -and concentrated liquor would- :be drawn off 

partially concentrated condition, in the from the trough of the «old tower at a 

trough at the foot of the tower. The flow rate # of about 500, gallons "per hour, a 

of air through the second tower may either density of about, 45° Twaddell— somewhat 

40 be induced by the natural draught of the short of the ultimate desired density — and ^5 

tower, or, if desired, the air maybe foiced a temperature of about 00° F; The fully 

through the tower by mechanical means, concentrated material would { be drawn off 

The copied and partially concentrated from the trough »of the thirdJtower at a 

liquor is then, pumped back from the r , a * e °f about 333 gallons of concentrated 

45 trough of the second to ( wer. to the hekd liquor per hour and the density of the HO 

of the first tower down wnich it descends fully concentrated material would be, say, 

to the trough below against. aij upward 60° Twaddell and the* t;#niperature 212° 
current of hot flue gases, ^hf tempera- # m r '-«>d 

ture of the incoming flue gases can be eon- T^fe invention also includes a modified 

fc*U yeriiently about 350° F. Th,e temperature form of causticising plant as compared 
of the incoming air in the other tower the l form described in ihe specifica- 

would be equiyalent to the temperature of °* 0Vt * aforesaid dbncurre&t patent 

the atmosphere, say, 60° F. The circula- application. - ' 1 , k 

tion. of the liquor from tower to tower is [ t According to this feature of the present 

55 effected by means of pumps, the capacity invention, the causticising plant com- 120 

of which is chosen to meet requirements, prises a series of four vessels each having 

and the rate of operation of which is con- ? ne formation of & vertical cylinder super- 

trollable for adjustment purposes. If iniposed upbn§ downwardly pointed cone, 

necessary, the trpu^hs of the two towers E&ch vessel i& divided' by baffles, as in 

60 may be interconnected by a small conduit "the "case, of tHe caKisticising vessel of the 125 

for equalisation of liquid levels. apparatus described in our prior specifica- 

The liquor is concentrated in the afqre- tion 1 referred to above, into a mixing 

said two towers to a degree of concentra- chamber, a settling chamber and a 

tion somewhat short of that ultimately sludge-collector^ the baffles being so 

$5 required, say to a degree of concentration arranged that the mixing chamber is in 130 
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open communicatipn at the bottom with 
the settling chamber and the latter with 
the sludge-collector. Each vessel is pro- 
vided with an outlet at the bottom leading 
jj from the sludge collector of the vessel and 
with an outlet near the top for clear liquor 
leading from the settling chamber. The 
four vessels are disposed, each one in the 
series; at a leyel somewhat lower than 
10 the level of the vessel preceding it, and 
the four vessels * are interconnected by 
conduits leading from the upper outlet 
of one vessel to the top of the mixing 
chamber of the next lower -< vessel of the 
£5 series. Each of these conduits is auto- 
matically controlled by a , ball-valve 
. situated in the upper part of the mixing 
1 chaiubefc of the vessel into which the con- 
duit delivers.! 'JPhus^ clear liquor from 
20 one vessel is arranged to, flow automati- 
cally to the mixing chamber of the vessel 
next in the series, and so on from vessel 
to vessel along the series. Each vessel is 
provided with a mechanically operated 
25 agitator in the mixing chamber for 
ensuring intimate contact between the 
liquor in the chamber and the solids sus- 
pended therein. 

The four vessels fulfil various 
30 functions : 

•/ The third in the series, i.e. the one next 
to the lowermost of the vessels, is an ash- 
dissolutioh vessel and is fed with ash from 
the incinerator, of the soda recovery plant. 

88, The next vessel in the series, i.e. the 
lowermost, is a causticising vessel receiv- 
ing sodiuni carbonate solution from the 
ball- valve-controlled outlet of the dissolu- 
tion vessel and an appropriate supply of 

40 lime and steam for causticising;. The 
first and second vessels in the series are 
sludge-washers. The second vessel in the 
series is what may be termed the first 
sludge washer, and the first vessel, the 

45 second sludge-washer. Water is supplied 
to jthe mixing chamber of the second 
sludge-washer through a !ball-valve-con- 
troiled inlet, the ball-valve of which is 
located within the upper part of the mix- 

gQ ing chamber of the washer. The bottom 
outlets of the causticising and dissolution 
vessels communicate by suitable conduit 
connections with the mixing chamber of 
the first sludge-washer ; the bottom outlet 

55 of the first sludger-washer communicates 
with the mixing chamber of the second 
sludge-washer, and the bottom outlet of 
the second shidge-Avash er c ommuni cat es 
with any convenient device for utilising 

60 or otherwise disposing of the chalk sludge. 
The upper clear-liquor outlet of the 



causticising vessel communicates by 
conduit connection with a reservoir for 
caustic soda solution for re-use in the 
digestion of a fresh batch of Esparto grass. 65 

The operation of the causticising plant 
is briefly stated as follows: Soda ash 
from the incinerator is led, preferably 
automatically, from the incinerator to the 
dissolution vessel, wherein sodium car- '° 
bpnate solution is formed ; this solution 
automatically flows from the dissolution 
vessel through the ball-valve-controlled 
outlet thereof to the causticising vessel 
where it is brought intp intimate contact 
in the presence of steam, with an appro- 
priate charge of lime, so as to regenerate 
in the vessel a solution of caustic soda.- 
The supply of lime would preferably be, 
like the supply of soda ash from the 80 
incinerator, /automatically controlled. - 
The chalk sludge formed in the causticis- 
ing vessel collects in the cone-shaped 
lower portion of the vessel and is either 
periodically or continuously pumped to 85 
, the mixing chamber of the" first washer. 
It is here brought into intimate contact 
with a supply of weak wash liquors 
delivered automatically from the second 
sludge-washer. Any deposit occurring in 90 
the dissolution vessel is also led to the 
mixing chamber of the first Bludge-washer. 
The sludge collecting at the bottom of the 
first sludge-washer is* pumped to the 
mixing chamber of ^ the second washer, 95 
where it is brought into intimate contact 
with water introduced thereinto through 
the ball-valve-controlled inlet aforesaid. 
The sludge collecting in the lower portion 
of the second washer is in a completely 10Q 
washed condition and is discharged 
through the bottom outlet of the vesseLfor 
disposal in any desired manner. 

It will be appreciated from the fore- 
going that the causticising plant of this jof 
invention may be made to operate quite 
automatically and continuously.^ 

Obviously, various modifications may 
be made * without departing from the 
spirit of the invention. For example, the hq 
various vessels of the causticising plant 
may take any convenient form other than ' 
that hereinbefore referred to. Also, if it 
is found unnecessary to employ two 
washers, one only may be provided. jj5 

Dated this 28th day of October, 1926. 

BOTJLT, WADE & TKNNAXT, 
111 & i] 2, Hatton Garden, London, 
E.C.I, 
Chartered Patent Agents. 
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Pit 0 VISIONAL SPECIFICATION. 
No. 18,711, A.D. 1927. 

Improvements in or relating to tlie Treatment of Waste Liquors 
of Paper Manufacture for the Recovery of Caustic Alkali 
therein. ' ;\ 

We, WitfclAM Bakks, a British subject, head of tlxe other tower, with or without 

and Edward Baurs, a British subject, iieans to effect continual circulation of 55 

both of G; South Square, Grab's Inn, the liquor undergoing- concentration, from 

London, '"\Y.C. 1; do hereby declare the the foot of one tower to the heaci of the 

5 nature - of this invention to be as other and back again from the foot of said- 

follows:— - r : : ; dther to tie head /of the firat and so on. 

This feVeUtion is t for improvements in ,v ' It has now ibeen fo r und that an alterna- 60 

or relating to the treatment of black liquor tive and indeed preferred form of the 

of paper manufacture for the Teeovery of process is one in which the hot liquor, for 

10 caustic alkali therein. example, in the case of the recovery of 

In the Specifications of our Patent alkali from the alkaline liquors of paper 

Applications Nos. 26,015/26 and 21,048/26 manufacture, the caustic soda liquors 65 

we have described a process of recovery from the gras$ boilers, is fejl io 'the head 

of alkali from alkaline liquors of paper of a concentrating ~ tower such as that - 

i5 and like manufacture in which the liquors referred to above, and after falling in 

are subjected to concentration by the finely divided! form to the foot of this 

direct, scrubbing action 61 a gaseous tower against an UD-qurrent of hot gases 70 

evaporant. The evaporant could be t^he (preferably for 'economy hot waste flue 

high temperature flue gases from the gases) and thereby ^becoming partially 

20 furnaces of other parts of the faetoryin concentrated, is re-cir^ulated. again and 

which the process is being carried on. again to the head of the tower, and liquor 

According to one embodiment of the in the ultimate condition of concentration 75 

• said process the" hot grass boiler liquors desired, is continuously withdrawn from 
could advantageously be first cooled and the fodt of the s tower, the arrangement 

23 thereafter concentrated as aforesaid 3bj being such, for exatnple, provided by a 

the direct scrubbing action of a gaseous system of immersed baffles in the body of 

evaporant. In a preferred form of thi* liquor at the foot of the tower, that sub- 80 

particular embodiment of the process just stantially only liquor which is in a.. 

Referred to, the hot liquor was subjected, partially concentrated condition is 

30 e 'o« circulation, alternately to (a) circulated back to the head of the tower 

Cooling with or without partial pre-eon- and substantially only fully concentrated 

centraiion, e.g. by exposure in a finely liquor is withdrawn. 85 

• divided form to a counter current of atmo- A convenient form of tower for carry- : -« 
spheric air, and (fc) Concentration by the ing into effect the aforesaid process coin- 

3* direct scrubbing action of a gaseous prises, according to one feature of this 

evaporant, the alternation of cooling and invention, a vertical tower casing at the 

concentration being continued until the foot of which is a liquor-collecting tank. 90 

♦ required degree of concentration of the' The tower contains a series of vertical # 

liquor has been attained. Apparatus for closely spaced expanded metal screens or x '" 

40 carrying into effect this preferred form of partitions each of which has at the top 

the process has been described in the of it a small V-skaped trough. These 

Specification of our said Application No. troughs are open along the bottom and 95 

27,048/26. This apparatus comprised two deliver hot liquor, with' which they are 

towers generally similar in principle to continuously fed, to the top of the vertical 

45 the condensing towers used in electricity . expanded metal screens. The hot liquor 

generating stations, means to supply hot tricklbs down the screens in, ccunter- 

gases to the foot of one of these towers and current with ail u^-draught of hot waste 100 

• cold gislses, e-g- air, to' the foot of the flue gases admitted to the interior of the 
other tower, means to introduce hot liquor tower at a point near the bottom thereof. 

50 into the head of the tower supplied with The liquor as it descends the tower upon 

cold gases, and means to transfer the the ^ expanded metal screens becomes 

cooled and partially pre-concentrated partially concentrated and at the same 

liquor from the foot of this tower to the time its temperature is reduced. In the 105 
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case of the concentration of grass boiler 
liquor, tie temperature of the liquor fed 
to tie troughs may be a little short of 
212° F. anoV during its descent through 
B Ihe tower the temperature may drop to 
approximately 130° F. The hot gases, 
upon admission to the tower, may be of 
any desired temperature suited to the 
general requirements of the process. v A. 
IQ convenient temperature in the case of the 
recovery of ^alkali from grass boiler liquors 
in paper manufacture is 350° F. If hot 
gases of this temperature are admitted to 
• the tower they will cool down somewhat, 
15 *say to approximately 130° F. in contact 
with the hot grass boiler liquor* A point 
is reached during the contact of the hot 
gases with the liquor, at which, owing 
to saturation of the gases, the latter are 
«>0 prevented from, taking up more moisture 
from the liquor. The gases are still hot, 
however (for example are at approxi- 
mately 130° F. as aforesaid), and, accord- 
ing to a further feature of this invention, 
25 the hot saturated gases may be passed 
through ah air-heater and the "heated air 
may be employed to effect a further degree 
of concentration of the liquor, or, alterna- 
tively, to effect ft pre-cbncentration of the 
30 liqudr prior" ip ' the; latter* s admission to 
the main concentration tower. Or again, 
the hot saturated g-ases may be employed 
to pre-heat air to be admitted to the con- 
: centrating tower in admixture with the 
35 hot flue gases. ^ 

The liquor undergoing concentration is 
continuously circulated Irom the tank at 
the foot of the tower back to the troughs 
at the ,heail, and for this purpose the 
4Q tow;er has associated with it a centrifugal 
or other pump and appropriate pipe con- 
nections leading from the fpot of the 
tower to the pump and then from the 
pump to the troughs. AH the while the 
'45 liqnor is being thus circulated fresh liquor 
is , being admitted to the tank .and fully 
cbnceiitrated liquor is being withdrawn. 
In order, to ensure that on the one hand, 
fully concentrated liquor shall not be 
re-circulated to the troughs, and on the 
other, that liquor which is only partially 
.concentrated shall hot be withdrawn, from 
the tank, the circxilating pump draws 
from an outlet which is situated at one 
end of the tank and near the bottom 
thereof, the inlet for fresh liquor is 
situated at the same end of ' the tank but 
at the upper part thereof, an immersed 
baffle extends across the tank to divide oii 
the main body of liquor in the tank from 
the body of liqiior which lias just been 
introduced into the tank from the fresh 
liquor inlet, and the concentrated liquor 
outlet is situated at the opposite end of 
65 the tank towards the bottom thereof, that 
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is, remote from the circulating pump 
withdrawal outlet, the fresh liquor inlet 
and the cross baffle, and in that portion 
of the tank at which the heavy concen- 
trated liquor, will settle. 70 

An overflow pipe is pi'ovided in the tank 
having a connection with the inlet of the 
circulating pump so that if the liquor in 
the tank rises above a certain predeter- 
mined level it merely flows back to the 75 
tower visi the pump and troughs. 

The troughs are, as stated, V-shaped in 
cross-section. In order to break any skin 
which might be formed from the concen- 
trated syrup fowarda the bottom of the gg 
inner side walla of the trough, each trough 
is provided with opposed facing strips 
along the lower part of its converging 
walls, and a circular rod which is co- 
extensive with the strips and can be g5 
lowered and raised into and out of contact 
with their opposed faces* By forcing 
the rod downwardly into contact with the 
opposed faces of the strips, the latter can 
be cleared of any adhering film of solidi- 00 
fled syrup. Any convenient mechanical 
me^ns may be provided for raising and 
lowering these rods, but preferably said 
means is such that the rods are all raised 
and lowered simultaneously. '* 95 

The tank at the foot of the tower may 
(be provided with a steam-heating coil to * 
control the temperature of the liquor in 
the tank as desired. 

The tower, as stated, is supplied with 100 
hot waste flue gc^ses. Conveniently, these 
gases can be tapped from one of the 
furnace flues of the factory in which the 
process of the invention is being carried 
out, and in order better to control the J05 
process a fan should be provided, or alter- 
natively, suitable baffles, whereby the 
supply of hot gases to the tower may be 
regulated. 

It was a further feature of the inven- no 
tion described in the aforesaid specifica- 
tions; that the concentrated liquor drawn 
from the foot of the tower was incinerated 
in a- fitrnace by means of an atomizing 
liquid fuel burner. jjq 

It has now been found that a convenient 
and efficient form of such furnace is one 
in which the fuel burner delivers the 
atomized liquor along with the steam and 
air for combustion into a combustion^ 120 
chamber leading by an opening situated 
in the upper part' of the chamber to a 
settling-chamber which is divided by a 
vertical baffle extending downwardly from 
the roof and which has an outlet on that 125 
^ide of the baffle which is opposed to the 
inlet opening from the eombustion- 
chiimber, the proportions of the chambers, 
the area of the inlet to the settling- 
chamber, and that of the outlet therefrom, 130 
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and the area of the passage for , 
beneath the baffle in the settling^chamber 
from one aide of said chnmber to the ( 
other, being- so arranged as to permit 
settling* to the floor of the settling- 
chamber of the soda ash # which has been 
forme .1 in the cpmhiistion-chamtter and 
carried over with the gases' into the : 
settling-chamber.* ' 

"With a furnace of this description it 
has been fotmd advantageous to cool' the' 
gases and suspended ash; as they pass out 
of the comWstibn-chambefr into the' 
settling-chamber, and for this purpose the 
furnace is provided 1 with means, to supply 
cold air to the interior* of the furiiace in 
the neighbourhood of the outlet 'from the" 
combustion-chamber. " 1 

As incineration procee^ soda ash of 
course collects <on the floor of the settling- 
chamber of the furnace. 'If desired, the * 
ash so collecting may be continuously 
withdrawn by a mechanical 'conveying- 
device, for example, a meeham&d grate. 
Alternatively, it may "be allowed to collect 
for periodic removal !by hand, a door 
being provided- in the lower part of the 
settling-chamber for. this purpose. 

If a mechanical ash-conveyor is pro- 
vided it may advantageously be arranged 
to deliver the* ash to an asji .dissolution 
vessel as described* in the specifications of 
our said patent applications. 

A further element : of the process 
described in the aforesaid patent speci- 
fications* comprises a particular system of 
c'austicisation of the sodium carbonate 
solution derived from dissolution in water 
or alkaline wash liquors of the soda ash 
of the incineration step. 

It has now been found that an alterna- 
tive or improved mode of eausticisation in 
a practically 1 continuous process of soda 
recovery or like operation may .be as 
follows: — 

Lime is fed to a continuously-travelling 
endless belt which passes over a weighing 
machine of the continuously-operating 
type and afterwards delivers its charge of 
lime to a reception-trough. .The lime is 
continuously conveyed from this trough, 
for example^ by a bucket-conveyor, to a 
hopper, which in turn, delivers the lime 
to one end of a long tube or 'trough, in 
which is a slowly-moving screw-conveypr. 
The conveyor slowly advances the lime 
along the interior of the tube to the oth'er 
end thereof/ and there delivers it into a 
second reception trough. 

As the lime is advanced along the con- 
veyor-tube it is ibrought into intimate 
contact with water or alkaline wash liquors 
derived from a source hereinafter 
described.. The lime reacts witb the water 
or alkaline liquor and becomes slaked and 
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at the same time esother mi cally heated. 

As wjll be understood,, th^ : ,tubular con- 
veyor, therefore, continuously •> delivers 
into the t second reception ; trough a hot 
aqueous ilkaline i suspension, o£ - calcium 
hydroxide. ^ This suspension, is co^itinu- 
,ously withdrawn f roan said second recep- 
tion" trough to a / sfp^ag ( e;-tank of ^such 
capacity as to accoinmod^te one day'^ 
supply of causticising liquor (sodium car- 
bonate solution Tfith , staked v : lime in 
suspensjon)^ . ij . / * i . IL?;< ki . 

This fank,, 'after ~it has^een filled and, 
if necessary,' , its contents , adjusted in 
respect of lts/C^rboftate §,na liine,, concen- 
trations, is emptied,, into.- second storage 
tank of the s^me. capacity. This second 
stqroge. tank in turn delivers to the 
causncisin^. vessel^ ? <: , - 

The' causticising \plant arrangement : is 
.one devise^, on the one hand,; to ^minimise 
, the amount of, manual labour, requisite, 
' arid,* on the" other nand^ to be, as nearly as 
possible a coi^tinubus process v Vith-this 
in view, the two storage tanks aforesaid 
have b^ en provide^ ^nd .the ^working 
arrangement is, .such; that.ihe, first, of the 
tanks is filled un during an eight hour 
clay' shift, and the contends . pi . this, tank, 
(previously transferred to^ the second tank) 95 
is drawn upon during ^.the twentyJour 
hours of the Jolhpwing day^ ) the first lank 
during the' eight, hour' 3^ .shift: of , said 
following day being filled again and made 
-up, if necessary, at the end of the day to 100 
the required strength in carbonate and 
lime- 

The causticising vessel may take any 
'* convenient form, but is preferably in the 
form described in the specification of our 105 
aforesaid patent applications. 

The chalk sludge settling in the settling 
chamber of the causticising vessel may 
be withdrawn and delivered to a ; pair of 
sludge-washers to be treated first in one no 
of the washers and then in ' the other, 
generally as in the case pi the process 
described in the Specification of Applica- 
tion No. 27,048/26. ; 

/As in the case of the t plant described ^5 
in that specification, the wash^ liquors 
from the washers are led. to a soda ash 
dissolution vessel where ibey meet a con- 
tinuous 3 supply oij soda ! ash from v^he 
incinerating plant and; where, in conse- 120 
quencey a solution of podium carbonate, is 
formed*' This , solution is contiguously 
suppUed paMy to ^ lime con- 

veyor afo^es&ia aid p^rily to the first of 
the aforesaid storage tanks. The ( 4inountfi 125 
supplied respectively to the conveyor and 
to the tank are* controlled according to 
requirements as desired. 

The clear caustic soda liquor formefd 
in the causticising vessel is led off to a 130 



10 



285,933 



caustic soda storage tank for subsequent 
use in tie grass boilers. 

The storage tanks may have -within 
them mechanical agitators- for, example, 
g rotary beaters for maintaining the lime in 
suspension in the alkaline liquor. 

The first of the tanks may, moreover, 
be provided with a filter in the crown of 
the tank for catching foreign stony 
,~ matter which, may be introduced adven- 
titiously with the lime, and this filter 
may have associated with it a mechanical 
conveyor tox conveying away such stony 
matter. 

As will be appreciated (by those 
* 5 acquainted tvith the art, the invention 



provides a practically continuous process 
and an almost automatic plant for carry- 
ing it into effect ; moreover, the plant is 
of b an inexpensive nature and owing £0 
principally to the avoidance of the neces- 
sity of expending live evaporation steam 
for concentrating the s liquors, the working 
costs are much reduced as compared with 
present methods of soda recovery in paper 25 
manufacture. 

Dated this 14th day of July, 1927. 

BOULT, WADE & TENNANT, 
III & 112, Hatton Garden, London, - 
E.Cl, 
Chartered Patent Agents. 



COMPLETE SPECIFICATION. 

ImprbvemiBnts in or relatiiig to the Treatment of Waste Liquors 
of Paper Manufacture for the Recovery of Caustic Alkali 
therein. 



We, Wh&iam- Babrs atid Edward 
Barbs, both British subjects, and both of 
6, South Square, Gray's Inn, London, 

2^ W.G.I, do hereby declare the nature of 
this indention and in what manner the 
same is to be performed, to be particu- 
larly described and ascertained in and by 

35 the following statement :— 

This invention relates to paper-manu- 
facture. As is known, the manufacture 
of paper, for example from Esparto grass, 
comprises boiling dr digesting the grass 
ft in an aqueous solution of eaxistio soda and 
< thereafter treating the resulting boiler 
liquor (known in the industry as " black 
liquor ") to recover its content of dis- 
solved alkali* It is with the latter opera- 
tion that the present invention is con- 

45 cerned. The method of treatment of the 
black liquor for the recovery of its alkali 
content usually comprises the steps of con- 
centrating the liquor by evaporation to a 
syrupy consistency, incinerating the tion- 

50 centrate to soda ash, dissolving the sodjx 
ash in water and causticising the result- 
ing , sodium carbonate solution by treat- 
ment with lime in the presence of steam. 
The operations of concentrating the liquor 

55 and incinerating the concentrate have 
hitherto been carried oxit in a somewhat 
uneconomical and inefficient manner, and 
it is the object of the present invention 
to provide an improvement in these 

GO respects upon present methods. The 
invention includes both an improved pro- 
cess and also an improved form of appa- 
ratus corresponding therewith. 

The main feature of the invention 

65 relates to the concentration step of tbe 



alkali-recovery process. Hitherto, this 
step has usually been effected by means 
of steam evaporators, the use of which 
necessitates the provision of a consider- 
'able amount of live steam. ^ This will be 70 
at once appreciated when it is remarked 
that black liquor has to be concentrated 
from a density of approximately 5° Tw. ^ 
to 55° or 60° Tw. 

According to the principal feature of 75 
the present invention, the concentration 
step, in a process of recovery of alkali 
from the black liquor of paper manufac- 
ture, comprises bringing the liquor, pre- 
ferably in subdivided form, into direct 80 
contact with .a hot gaseous evaporant, 
preferably hot waste flue gases. 

It has been found that by this means 
(for example by causing the liquor to 
descend a tower in fine streams against 85 
an up-current of hot combustion gases) 
the step of concentrating the black liquor 
may be carried out with both increased 
effectiveness ahd increased economy as 
compared with /the aforesaid present 90 
methods of procedure. 

It is an interesting fact — and with it 
the merit of the invention is closely 
associated — that even though there may 
be large differences between the admission 95 
temperatures of various supplies of hat 
gas to the evaporating tower or other form 
of apparatus for carrying into effect the 
concentration step of the invention, the 
differences in the exit temperatures of the 100 
saturated gases are always quite small. 
Thus, for example, if a current of hot air 
be used as the evaporant gas and the 
admission temperature of the dry air be 
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1500° F., the air will cool down, in con- the step of concentrating the liquor by 
tact with the liquor and as it takes up bringing' it as aforesaid into direct con- 
moisture tlierefroni, to a saturation tern- tact with, a hot gaseous evaporant, the step 
perature of about 160° IV, which is only of incinerating* the concentrate ? by Mra- 
D about 25° J 1 , higher than the correspond- ing it to ash (with or -without the aid of 70 
ing saturation temperature (135° F.) of supplemental fuel) in = a . - liquid-fuel 
air that has been- introduced into the tower burner^ By this means, the efficiency of 
or other form of concentrating apparatus the process may be still further enhanced, 
at the relatively low admission tenlpera- and in this connection it may: be^ pointed 

10 ture of 400° P.* As will be appreciated, out that when employing, as in. this inven- 75 
therefore, wide latitude is . a fforded, in-- tion, liquid-fuel burners as »the /means of 

virtue of this fact, in respect of admission incinerating ; the liquor concentrate, the 

temperature of the t gaseous ; Evaporant black liquor requires a smaller <4egvee'of 

used, and, without 1 sacrifice of efficiency concentration for incineration than is*. 

15 (by reason of the exit temperature of the ctfdinarily> the case where the concentrate go 

gas being high, even though the gas be is biimt in a rotary furnace, as has been 

' moisture-laden to saturation), waste com- customary in the. art, and, further, that 

bustion gases of quite widely-varying the particular degree* of ^ concentration 
temperatures may ibe .employed; as the >> required for incineration with liquid-fuel 

20 evaporant gas in the process; the exit burners can be readily obtained in the §5 

temperature in all, cases being , subs^an- concentrating tower itself, so that the 

tially the same in comparison v with concentrate ^froni the tower may be fed 

disparities in admission temperatures.L directly .tp the burners, in contrast to 

. We are aware that it is not broadly present methods, where it is usually 

25 new to concentrate waste liquors of necessary to submit the concentrate go. 

industrial processes bj bringing the liquor obtained in the evaporators to further 

in subdivided form into direct contact, concentration before feeding it to the 

for example within a concentrating tower, incinerators. • / - ... 

with hot gases.- Such procedure has-been A further advantage still, in using 

30 disclosed in Specifications Kos. 143,874 liquid-fuel burners.- as the means of 55 
and JL50,777 which describe the treatment incinerating the # concentrate- obtained 
of "cellulose sulphite lyes, and we wish it according to this invention in the 
to be understood that we make no claim evaporating tower or other form of con- 
to anything disclosed in these prior centrating apparatus employed, is that 

35 specifications, and to make it clear that waste flue g&ses generally contain a small 100 
our invention relates solely to tke treat- percentage of solid finely-divided com- 
ment of " black liquor " of paper manu- bustible matter, and this becomes scrubbed 
f acture for the recovery of its content of out of the gaB by the liquor as the latter 
dissolved alkali. 1 descends the tower and,. in consequence, 

4Q According to a further feature of the the combustion capacity^ of the liquor 1Q5 

invention, the ^evaporant gas employed concentrate is correspondingly ■ enhanced, 

may comprise the hat waste gase£ pro- Lastly, with reference to this feature of 

duced in the incinerating step of the using liquid-fuel burners to incinerate 

process; Several advantages accrue to the concentrate, a serious disadvantage of 

45 this feature 5 thus the heat of the present methods of incineration (rotary no 
incinerator gases is usefully employed, .. furnace practice) is that it affords but 

and a further advantage is that if the imperfect combustion of the concentrate, 

incinerator gases should mechanically and in consequence it frequently becomes 

carry awky in suspension finely divided necessary to remove the ash from the 

50 sodk ash from the incinerator, such soda retort and spread it out in the open air to ^5 

ash will be recovered in the tower or other promote complete combustion. , This 

form of concentrator employed by the difficulty of incomplete combustion is 

scrubbing action on the gases of the liquor largely, if not entirely, eliminated with 

as the latter descends the tower. the use of liquid-fuel .burners according to 

55 According to a further feature of the the present invention. .. 120 

invention, the still-hot gas, having According to still a further feature, the 

attained saturation with moisture from, .gaseous suspension of combustion products 

0 the liquor, may be employed to impart produced in the incinerator by burning 

' heat to a sfc^arate supply of gas (e.g. the concentrated liquor by means of a 

60 atmospheric i&r) for use as an evaporant liquid fuel burner or burners, may be 'sub- 125 

in the process; jected to sudden ^ cooling within the 

According to a further, feature of the vicinity of combustion, idr example, by 

invention, the process of recovery of alkali means of a stream of air directed on to 

from the black liquor of paper manufac- the flame from the burners.- By this 

65 ture may comprise, in combination with means it is possible to counteract the 130 
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tendency of tlie asli to sinter in the 
incinerator and in consequence the step of 
; dissolution of thfe ash in water preparatory 
to the causticising operation, is 
"5 facilitated. 

As previously stated herein, the inven- 
tion includes both an improved process 
of recovery of caustic alkali from the 

, r 7 black liquor of paper manufacture and 
10 also apparatus for carrying that improved 
process into effect According to this 
aspect of the invention apparatus for 
concentrating the black liquor of paper- 
. manufacture in the recovery of caustic 

'i5 alkali therefrom, comprises, in combina- 
tion, one or more concentrating towers 
each consisting of an external tower- 
casing, means for, the introduction of 
liquor to be concentrated to the head of 

* 20 the tower, means for distributing the 
introduced liquor, as it descends the tower, 
in a form in which it exposes a relatively 
extended contact area to the surrounding 
atmosphere, means for the introduction 

25 to the tower in the lower part thereof of 
hot gas and for the exit of this gas from 
the upper part of the tower, means at the 
foot of the tower lor collecting the liquor 
which has descended the tower, and rneans 

30 for circulating the liquor in the tower 
from the foot thereof back to the head 
thereof. By providing means for circu- 
lating the liquor in the tower from the 
foot of the tower back to the head thereof, 

35 the number of towers requisite for the. 
treatment of a given volume of liquor 
may, generally speaking, be reduced in 

> number, and In addition a more complete 

. control of the concentrating operation 

40 may be realised, the degree of concentra- 
tion being variable, of course, within 
certain limits, by varying the rate of 
circulation of the liquor. 

A particular ambit in the invention has 

45 been to provide a process which, for the 
sake of economy and efficiency, shall be 
as nearly as possible both continuous and 
also automatic. With this object in view ... 
the invention, according to a still further 

gQ feature, may comprise liquor- concentrat- 
ing apparatus corresponding to the above 
description and including also among its 
component parts a liquor collecting trough 
at the foot of the tower, means to circu- 

5'5 late liquor from the trough back to the 
, head of the tower, a liquor-inlet to the 
tower situated in the trough, means for 
continuously feeding liquor to the inlet, 
and means (e.g. a baffle arranged to screen 

60 off the liquor-inlet from that portion of 
the trough which more immediately 
receives the concentrated liquor from the 
tower} whereby the circulating device 
returns substantially only partially-con- 

65 centrated liquor to the head of the tower. 



According to still another feature, 
liquor concentrating* apparatus adapted 
as aforesaid for continuous operation may 
comprise also a concentrated-liquor outlet 
in the trough and means for continuously 70 
withdrawing concentrated liquor from 
the trough by said outlet, said outlet 
ibeing so situated and/or screened from the 
liquor inlet and from the point of with- 
drawal by the circulating means of 75 
partially concentrated liquor, that sub- 
stantially only fully concentrated liquor „ 
is withdrawn iby the outlet while partially 
concentrated liquor is returned to the - 
head of the tower for retreatment. gQ 

It will be obvious that the size of the 
concentrating towers, and the volume, 
rate of flow and temperature of the 
scrubbing gases, are all factors which 
may have to be determined in any given 35 
case in relation to the volume, tempera- 
ture and desired degree of concentration 
of the liquor to be concentrated. In this 
connection it is convenient to be able to 
control the volume and rate of flow of the gg 
hot tower gases and with this in view' a 
fan may be provided in the gas conduits 
leading to and away from the towers. 

In some cases it has been found prefer- 
able to draw the hot gases through the g~ 
tower by means of a fan situated at or 
ibeyond the gas outlet of the tower, for 
example, in an exhaust chimney leading « # 
therefrom. 

An embodiment of the invention is ^qq 
illustrated in the accompanying drawings, 
in which:- — 

w Figure 1 is a flow sheet diagram in 
illustration of the process; 

Figure 2 is a sectional elevation of a 
concentrating tower according to the 
invention; 

Figure 3 is a corresponding plan; 

Figure 4 is a sectional elevation of an 
incinerator according to the invention ; jjq 

Figure 5 ia a corresponding plan, and 

Figure G ia a sectional detail view. 

Like # reference characters denote like 
parts in the various figures of the 
drawings. . ^ 

Referring first to Figure 1, the plant 
comprises one or more grass boilers 1, 
and a caustic soda solution storage vessel 
2. The grass boiler liquor is periodically 
discharged from the boilers 1 for the 120 
recovery of its alkali content. This 
operation involves first the concentration 
of the liquor to a syrupy consistency. 
This step is effected " according to the 
invention in a concentrating tower .'J 125 
which draws its supply ,of liquor from a 
storage tank 2a. The concentrated liquor 
is pumped from the foot of the tower 3 
via a heater 3« f to an incinerating retort 
4 wherein it is burnt with the formation 130 



n 

of soda ash. The soda ash is either con- from the lower part of sludge- washer 9 to 

tinuousiy or intermittently withdrawn sludge-washer W[ wherein it is re-washed 

from the retort 4 and transferred, prefer- in the same manner hut with fresh water 

ahly hy means of a mechanical conveyor, introduced under control at 11, a wafer 

5 to a dissolution vessel 5 wherein it is meter may be fitted at IT. ^he com- 70 

agitated in suspension in weak alkaline pletely-washed sludge, is pumped from the 

wash liquors derived from a source herein- lower' pa it of the sludge-Washer 10 to a 

after referred to. In the dissohitiou waste discharge. / 

vessel the soda ash dissolves and a solution The wash-liquor is pumped from the 

10 of sodiunv carbonate is formed. ; The Upper part of^shidg'eUVashet 9 to a wash- 75 

sodiuni carbonate solution friri\iftd in the liquor storage vessejT 12, from whence it 

vessel 5 is transferred to^ the first of & is drawn either periodicallv hv continu- 

series of two storage taiifcs G, 7, .each "ously to supply the aforesaid dissolution 
capable of holdiiig ./oife' 1 full '^y'^pt^^^^^'^^^hia dissSfii.rioii ; k ^sel 5 may 

£5 hours' supply of ' stidihii ;cdi^b61iate\s))iu- W supplied 1 Avith'' fresh ivater from a gQ 

tion for caiis'ticisation* iii *the r causticising /sourpe l3in aiddition to alkali wash liquor 

plant. The Sodium carbonate solution ffrohi the storage Vessel 12. " " 
introduced to the storage tank (fife agitated The suspension of slaked lime fed to 

in this tank in the presence of a supply storage tank G J is prepared during the 8-v 

20 of aqueous suspension of slaked, iiih^ in $35 

derited from a source to be referred to. th$ ^follb^itig'.majnrier. Xhnfe is fed by 

later. The lime 'is maintained in sWpeii- hand in a lime' shed on to\a cpntinuously- 
sion in the sodium carbonate solution by , Moving beit-btoVeyor 14 ^which, via a 

means of an agitator in the tank 6. *" Wntiuub^g ^ighing' _ -m^clfifte, _ i|is : charges 

25 Two storage tanks have been "provided, its' load of lithe into, a hopper' 15 from 99 

as stated, with a view to providing .a whence the lihie.i^'transfek'ed for example 

system of operation \Vhich shall on the by bucket conveyor 18 ! ' to 'a second 
one hand be as nearly as possible con- hopper 17 which ;fee^s. t^linae into the 

tinuous anc! on the other shall Imye the mouth pf^a ldng WKfe iS^.dbwn'.^hich the 

effect of reducing to a minimuii the lime is slowly advari(te& :J by ^ ah internal ppj 

requisite amount of manual labour. Thus screw-conyeypr 19. ^he tube 1? delivers ™ 

the storage tank C is filled up with sodium the lime into a third hopper 19. As the 

carbonate solution and lime during an lime progresses along tEe tube: 18 it is 

eight-hour day shift of one day, a±„the brought into intimate Contact with weak 

85 end o;f said da^ shift the contents of the alkaline wash liquor drawn from the iqq 

tank is transferred to storage tank 7, and aforesaid storage tanS 1.2, with the result 

during the following day of 24 hours said that when it reaches 'the hopper 19 it is 

storage tank 7 is drawn upon for supply- in a slaked condition. According to cir- 

ing the causticising plant, cajusticisation cumstances, instead of or in addition to 

40 proceeding continuously day and night, the supply of vfash-liquor from the vessel ^5 

During the 8-hours* day shift of the 12, the tube 18 may be fed with water 

following day tank 6 is filled up again from an' external source 20. u * 
for discharge at the end' of the shift to It will be apparent from the foregoing 

tank 7. description that the system is one in which 

45 The storage tank 7 is provided with an the' operation of cpncentratiri^/incinerat- jjQ 

agitator, as shown, in order to maintain mg and causticising, pl v oceed continuously 

the lime in suspension. ; i V during the 24 hburs of each day and the 

^This lime suspension is continuously operations of dissolving the'soda ash and 

pumped from storage tariJc 7. to a causticis- preparing a full day^" 'supply of sodium 

:kq ing vessel 8 where, a sohition of caustic carbonate suspension of liihe for jfcreat- ^ 

soda is formed which passes out of the meat in the causticising £lant, proceed 

tank from an outlet ili the upper part 1 only cluring the 8-hours^ day shift of the 

thereof and is ftuin^od to the aforesaid day. ; ' \; ' °'' ' 
caustic soda solution storage vessel 2. The Ref erring a^ain to the causticising 

55 chalk sltfdge which is formed^ in the vessel 8, this vessel is of the partly cylin- £20 

canst icisin.** vessel during caustieisation is drical and partly conical f orm illustrated, 

continuously puinped by variable speed and its constructiohj and operation is 

pumps ' from the lowe* part of the vessel generally' simildf ta- tntffc df the well- 

• to a pair of sludge-washei^' 9, 16 w T herein known ' water-sqftehers. A- system # of 

'60 it is washed for a more cbhrplete* recovery internal baffles nahiely, a cylindrical j*>5 
of alkali. The sludge is passed first to baffle 21 and a horizontal baffle 22, co- 
sludge-washer 9 wherein it is agitated in operate to divide the interior of the 
suspension in wash-water flowing by causticising vessel into' three chambers — a 
gravity from sludge-washer 10. The central mixing chamber 23 open at the 

65 washed sludge is continuously pumped bottom 24 ? an annujar settling chamber [30 
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25, also open at the bottom, and a sludge- 
collecting chamber 26 in the lower part 
of the vessel 8. The mixing: chamber 23 
is provided with a rotary agitator 27 and 
5 is arranged to be fed , with live steam 
introduced from a source 28. . In .the 
operation of; the causticising vessel the 
sodium-carbonate suspension pf lime from 
the storage tank 7* is I^rodnced, into the 

10 top of t the mixing chamber . 23, and ;s 
agitated and ; causticised therein. CSlear 
caustic soda liquor is continuously drawn 
off ;at 29 from, the upper part of the 
annular ^ttling, chamber 25, . and the . 

£5 chalk which forms, ^ring.causticisation 
gradually settles down - in ,the fettling 
chamber, passes the clearance, .between the, 
periphery of the baffle 22 and the \conical 
external walls of the vessel 3 a^ ; eollects 

20 in the collecting chamber 26. v ^ 

The construction and operation of the 
sludge washers is, in general, riuiilar to 
that of the causticising vessel, as is 
apparent from the diagram. 

25 Conveniently, the storage tank 6 may 
be provided in the upper part with a sieve 
30 for arresting any stones or other hard 
obstructing matter which may accompany 
the slaked lime suspension introduced 

gg from the trpugh 19, and in association 
with the sieve there may be, provided a 
mechanical conveyor 31 for clearing it. 

Referring now to Figures 2 and 3, 
which illustrate the concentrating' tower, 

35 the tower comprises an upright external 
casing 32, and within the casing a series 
of closely-spaced vertical partitions 33 of 
expanded metal, ,. , The arrangement is 
one in which liquor to be concentrated is 

4Q continuously fed, by means hereinafter to 
be described, to the top of the expanded 
metal partitions 33 down which the liquor 
flows against an up current of hot gases, 
and, leaving the bottom of the partitions, 

45 falls on to a baffle 34 and down the baffle 
into a collecting-trough 35 at the foot of 
the tower. 

The trough 35 is continuously fed with 
fresh liquor to be concentrated, which 
enters the trough by the inlet 36, and the 
trough is continuously emptied of fully- 
concentrated liquor which leaves the 
trough byway of the outlet 37. 

Between the expanded-metal partitions 

55 33 are fitted, in staggered relation, as 
shown, horizontal angle-section baffles 
disposed with their bosoms downward. 
These baffles serve principally to divert 
the up-flowing gases and bring them into 

60 more thoroi&gh contact with the liquor on 
the partitions. The baffles also serve to 
maintain the partitions in proper spaced 
relation and further to redirect back on 
to the partitions any liquor which may 

Go have become detached. 



The expanded metal partitions 33 each 
have along their upper edge a V-shaped 
feeding-trough 38 which is itself con- 
tinuously fed with liquor from the trough 
35, by means of a circulating pump 39 70 
and appropriate pipe-connections 40, 41 
and 42, The outlets from the pipes 42 
are separately controlled by valves 43. 
As stated, the trough 33 is iboth fed with 
fresh liquor And also emptied of fully- 75 
concentrated, liquor. 1 3Jn order that on 
the one, hand , thq pump 39 shall not 
circulate, at any rate tq, any substantial 
degree, fully concentrated liquor, but in 
its , action, shall be cohftried, or suhstan- gQ 
jtially so^ to partially concentrated liquor, 
and on ; t£$ other >hand that only fully 
concentrated liquor shall leave the trough 
by the outlet 37, , the inlet 36 and the 
outlet 43 leading to the pump 39 are both 
situated at one end r of the trough ; the 
outlet 37 is situated at the opposite end 
of the trough and , an iinmersed baffle 44 
is provided which serves to screen the in- 
flowing fresh liquor from the inlet 36 go 
from.; the outflowing fully concentrated 
liquor leaving ihe trough by the outlet 37, 
so that said fresh liquor is immediately 
sucked out of the trough by the pump 39 
and fed to the V-shaped troughs 38. gg 

As stated, the liquor flows down the 
parts 33 against a,n up-current of hot 
gases. These, gases are waste flue gases 
derived from the incinerator, presently to 
be described,, and also from the various jqq 
furnaces of the factory, and they *enter 
the tower by way of an inlet 45. The 
gases may either be fanned into the tower 
by means of a fan in the gas-inlet conduit 
of the tower or they may be sucked ^ 
through the tower by means of a fan in 
the gas-outlet conduit. The tower has an 
outlet 46 which leads to a discharge 
chimney 47 

Between the outlet 46 of the tower and jjq 
the flue 45, there is interposed an air- 
heater consisting of a nest of fine tubes 48. 
The air-heater is provided for the purpose 
of utilising any residual heat that may 
be available in the ^ flue gasp.s after they |V- 
have passed the partitions 33. The heated * 
flue gases circulate around the tubes 4S on 
their way from the tower oiitlet 4G to the 
flue 47, and in so doing heat a current of 
atmospheric air drawn in from the out- i2Q 
tide into a box 49 ajid led by way of an 
air trunk 50 fitted with a control damper 
•31 to the flue gas inlet 45 of the tower, 

ThuSv in the operatioi^of the tower, hot 
flue gases are admitted at 45, pass up the 125 
tower against the downflowing stream of 
liquor and thereby become* cooled to a 
certain extent and saturated with water 
vapour, leave the tower by the outlet 46 
and circulate around the air-heater tubes 130 
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48 and in so doing impart a proportion ; The incinerator retort, which is illus- 

of their residual lieat to the incoming air trated in Figures 4 and 5, comprises a 

from the bos 49 and finally leave the firebrick-lined structure, the interior of 

concentrator in a .comparatively coolcon- which is divided by a baffle 5G into two 

5 dition by way of the fiue 47/ chambers 57, 58 communicating: at the 70 

Instead of the air trunk 50 leading to top by a passage over the said baffle. The 

the flue «-as inlet 45, it may lead to a chaniber 58 is constituted U-shaped, as 

separate concentrating tower, as pre- shown by the provision of a second baffle 

viously slated herein. 59 extending* downwardly from the roof of 

10 The* flue 47 is provided with a drainage the chamber. The two chambers are pro- 75 

cock 52 for the drawing off of any con- vided with inclined firebrick floors 00, CI 

dcnsate or rain water which may have respectively. 

collected at the foot of the flue. The concentrated liquor to be in- 

The trough 35 of the tower is provided cinerated is pumped from the trough 35 

15 with an overflow pipe 53 which returns of the concentrating tow*er to two standard gQ 

any overflow of liquor above the normal iburners 62 of the liquid-fuel type fitted 

liquor level 54 to the black liqudr storage in the end* external wall G3 of the chamber 

tank 2a~ 57, air for combustion being* admitted to 

The trough 35 is provided, moreover, the burners by way of an ah* trunk 64 

20 with a heat-controlling coil 55 through open at the bottom., CombustioU of the 35 

which may ibe circulated either a heating concentrate takes place in chaniber 57 of 

or a cooling medium for. maintaining the the retort and the resulting! ' soda ash,' 

contents of the trough at any desired con- gase's and other combustion products, pass 

dition of temperature, for example, for ; over to chamber 58, $he proportioning 

25 the control of viscosity of the liquor. of the ' various parts 1 of r this' chamber, gn 

Referring again to the y-shaped including the outlet 05 thereof^ is such 

troughs at the top of the expanded metal that, whilst the products of combustion ' 

partitions, these are fed with liquor at from the burner 62 wttl aU pass over into 

one end from liquor inlets which are chamber 58 as stated, there- will be such 

30 separately controlled iby valves situated a change ofc Velocity in the gas-flow gg 

externally to the tower casing as shown, (between the aforesaid passage over the top 

In order that the liquors shall be fed by of the baffle 56 (the inlet to the chamber) 

the troughs evenly along their length on and the outlet 65 of the chamber, that the 

to the partitions, each trough has within soda ash component of the combustion 

35 it a circular rod 71 which lies along the products will settle in the chamber to the £qq 

trough in close proximity to the opposed floor 61 thereof and the gases will escape 

faces of two metal cheeks 72 secured to, by the outlet 65. ; fl ' 

the inner opposed walls of the trough. A fan 66 is arranged to deliver a supply 

The liquor fed to the trough flows along of air to the upper part of the chamber 

40 the trough and dowri between the rod 71 57 by way of internal passages 67 in the 10 5 

and cheeks 72 to the bottom of the V and side : walls of- the chamber and G8 in the 

thence to the' partitions. In order to baffle 56. The air entering the. retort by 

effect an even distribution of the liquor way of the passage 68, d«livered as it is 

feed along the length of the trough, the at *the inlet to chamber 58, has the effect 

45 liquor being admitted to the trough only of suddenly cooling -down the products of ±±q 
at one end thereof, the rod 71 is slightly 1 " combustion^' as they- enter said chaniber. 

angled relatively "to the bottom of the This has been found to ibe counteractive * 

trough Sd that the clearance between the' of the tendency to sintering or aggrega- 

rod and the cheeks 72 is slightly tapered tidn of the ask settlings in the chamber. 

50 towards the inlet end of the trough. This The sdid internal passages! enable the a ir, ^ 

counteracts the tendency of the liquor 1 to moreover, to cool the walls of >the chamber, 

leave the trough at oiie end only thereof. • * The ash collecting on^ the fleor 61 of 

The rods 71 ar.e hung at feach end upon chamber 1 58 is removed by way of a door 

the extremities of cranks 75 mounted u|>on 69 it the fodt of the chamber and is 

55 transverse rods 74, the connection between treated' in the manner aforesaid. ^ 120 
the rods 71 and the cranks being hanger An important advantage accruing to 

rods 73. The rods 74 ! are rotatable and the step* of passing the iiricinerator gases 

all operated as one by suitable hand^ up the* tow^r, is that if there should he 

worked mechanism not shown. By rotat- any soda ash 'mechanically carried away 

60 ing the rods 74 through a small angle the in suspension' ; from : the incinerator this 125 

rods 71 may be raised or lowered. This will not be lost 'but will eventually be 

operation enables the troughs to Ibe cleared recovered again by the scrubbing action 

of liquor which may have become of the liquor* in the tower, 
coagulated in the trough anci thus be As an instance of the operation of a 

.05 clogging its outlet. .. concentrating tower according to the i30 
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invention may be cited the following case. 
Black liqiior front the grass boilers of a 
paper factory was pumped to the trough 
of a full sized tower as described, but 
5 u-ithout the supplemental air-heater 
arrangement,, at the rate of 2000 galls, 
per hour. The density of the liquor 
entering the trough Was 5° Tw; , The 
pump 89 circulated the liquor at £ rate 

£0 of 30,000 galls, per hour; the- waste flue 
gases from four Stirling boilers was passed 
up the tower at a rate of approximately 
280,000 lbs. per hour and at a temperature 
■varying between 350 — 375° F., and fully 

Jg concentrated liquor at 60° Tw. was con- 
tinuously withdrawn from the trough at a 
rate of approximately 170 galls, per hour. 
The gases left the tower at approximately 
133° I\ in a saturated condition. 

20 It will be obvious that the invention 
is susceptible to many modifications of 
detail, and it is to be understood that the 
foregoing description is illustrative of the 
invention purely by way of example. 

25 We are aware of prior Specifications 
Nos. 25,3S8 of 1S94 and 200,998, and we 
make no claim to anything described or 
claimed therein. 
In conclusion, it should be stated that 

2Q the particular method and plant for 
causticising described herein and illus- 
trated in the accompanying drawings 
forms per se no part of the present 
invention. 

35 Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

£q 1. In processes of recovery of caxistic 
alkali from the black liquor of paper 
manufacture, effecting the concentrating 
step by bringing the liquor, preferably in 
subdivided form, into direct contact with 

^5 a hot gaseous evaporant, preferably hot 
waste flue gases. 

2. A process according to Claim 1, 
wherein the gaseous evaporant employed 
comprises the products of combustion 

50 produced in the incinerating step of the 
process. 

3. A process according to Claim 1 or 
Claim 2', wherein the stiil-liot gas, having 
attained saturation with moisture from 

55 the liquor, is employed to impart heat to 
a separate supply of gas (e.g. atmospheric 
air) for use as an evaporant in the process. 

4. A process of recovery of caustic alkali 
from the black liquor of paper manufac- 

60 tare, according to Claim 1 or Claim 2 or 
Claim 3, wherein the incinerating step 
comprises burning the concentrated liquor 
by means^ of a liquid-fuel burner or 
burners, with or without the aid of supple- 

65 mental fuel admixed with the concentrate. 



5. A process as claimed in Claim 4, 
characterised by the procedure of effecting 
a sudden cooling of the gaseous suspension 
of combustion products emanating from 
the burner or burners, as for example, by 
directing on to it a stream of air, for the 
purpose described. 

6. Apparatus for carrying into effect the 
process claimed in Claim 1 or Claim 2 or 
Claim 3, comprising one or more concen- »-g 
trating towers each consisting of an 
external tower casing, means for the intro- 
duction of liquor to be concentrated to the 
head of the tower, means (e.g. the 
expanded metal partitions 33) for dis- QQ 
tributing the introduced liquor, as it 
descends the tower, in a form in which it 
exposes a relatively extended contact area 

to the surrounding atmosphere, means for 
the introduction to the tower in the lower 35 
part thereof of hot gas and for the exit 
of this gas from the upper part of the 
tower, means at the foot of the tower for 
collecting the liquor which has descended 
the tower, and means for circulating the 99 
liquor in the tower from the foot of each 
tower back to the head thereof. 

7. Apparatus according to Claim G and 
adapted for continuous operation, com- 
prising a liquor-collecting trough at the 95 
foot of the tower, means to circulate liquor 
from the trough back to the head 

of the tower, a liquor-inlet to the 
tower situated in the trough, means 
for continuously feeding liquor to the |Q0 
inlet, and means (e.g. a baffle — such as 
the baffle 44 — arranged to screen olf the 
liquor inlet from that portion of the 
trough which more immediately receives 
the concentrated liquor from the tower) *q- 
whereby the circulating device returns 
substantially only partially-concentrated 
liquor to the head of the tower. 

8. Apparatus according to Claim 7 and 
comprising also a concentrated-liquor o\it- 
let in the trough and means for continu- 
ously withdrawing concentrated liquor 
from the trough by said outlet, said outlet 
being so situated and/or screened from the 
liquor inlet and from the point of with- 115 
drawal by the circulating means of par- 
tially-concentrated liquor, that substan- 
tially only fully-concentrated liquor is 
withdrawn by the outlet while partially 
concentrated liquor is returned to the head 120 
of the tower for retreatnieiit. 

9. The subject-matter of any of the pre- 
ceding Claims (> — 8 inclusive in combina- 
tion with an air heater adapted to carry 
into effect the process claimed in Claim 125 
No. 3. 

10. Apparatus for carrying into effect 
the incinerating step of the process 
claimed in Claim 4 or Claim 5, which 
apparatus comprises an incinerating retort i30 
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constructed and operable substantially as 
hereinbefore described with reference to 
the accompanying ' drawings* 

11. The improved process of recovery of 
5 alkali from the black liquor pf paper 

manufacture herein described and illus- 
trated. 

12. Liquor-cdncentrating apparatus for 
\ use in the recovery of caustic alkali from 



the black liquor ojE paper manufacture, jq 
constructed and operable as hereinbefore 
described and as illustrated in the accom- 
panying' drawings, 

Dated this TStli day of August, 1927. 
liOFLT, WADE & TEXXAXT, 
111/112, Button Garden, London, E.G. 1, 
Chartered Patent Agents. 
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